Modulation of the control of mutagenic metabolites derived from cyclophosphamide and ifosfamide by stimulation of protein kinase A.
The phosphorylation of the 2 major phenobarbital-inducible cytochrome P450 isoenzymes IIB1 and IIB2 was increased in intact hepatocytes by the action of the membrane-permeating cAMP derivative N6,O2'-dibutyryl-cAMP. Under these conditions cyclophosphamide and ifosfamide (which are known to be activated by cytochrome P450 IIB1) were investigated for mutagenicity in Salmonella typhimurium TA1535 and TA100 and for cytotoxicity in TA1535. Cyclophosphamide and ifosfamide were transformed to mutagenic and cytotoxic metabolites by the hepatocytes. The activation of both drugs to mutagens was markedly reduced after pretreatment of the hepatocytes with the membrane-permeating cAMP derivative N6,O2'-dibutyryl-cAMP. Cyclophosphamide and ifosfamide activation were reduced to 51% and 38% of unstimulated controls respectively, when hepatocytes were incubated for 1 h with N6,O2'-dibutyryl-cAMP in the presence of the phosphodiesterase inhibitor theophylline, and Salmonella typhimurium TA1535 was used. A marked reduction in mutagenicity of cyclophosphamide (35% compared with unstimulated controls) was also observed under different experimental conditions, namely after pretreatment of the hepatocytes with N6,O2'-dibutyryl-cAMP for 1.5 h without theophylline and using Salmonella typhimurium TA100 as target strain. Continued presence of the cytochrome P450 IIB1 and P450 IIB2 inducer phenobarbital in the stimulation medium increased the mutagenicity of cyclophosphamide and led to an even more marked reduction of mutagenicity by pretreatment of the hepatocytes with N6,O2'-dibutyryl-cAMP and theophylline. In order to investigate whether the observed changes were metabolism-related, the ifosfamide metabolite ifosfamide mustard which does not require metabolic activation by cytochrome P450 was studied under the same conditions. Its mutagenicity was indistinguishable after incubation with N6,O2'-dibutyryl-cAMP-treated or with unstimulated hepatocytes. Also the metabolic formation of cytotoxic metabolites from cyclophosphamide and ifosfamide but not that of ifosfamide mustard was markedly decreased by pretreatment of the hepatocytes with N6,O2'-dibutyryl-cAMP and theophylline. Thus the stimulation of protein kinase A in intact cells has important consequences for the control of genotoxic and cytotoxic metabolites and represents a fast and short-term regulation of it.